Background-Although noninvasive telemonitoring in patients with heart failure does not reduce mortality or hospitalizations, less is known about its effect on health status. This study reports the results of a randomized clinical trial of telemonitoring on health status in patients with heart failure. Methods and Results-Among 1521 patients with recent heart failure hospitalization randomized in the Tele-HF trial (Telemonitoring to Improve Heart Failure Outcomes), 756 received telephonic monitoring and 765 usual care. Diseasespecific health status was measured with the Kansas City Cardiomyopathy Questionnaire (KCCQ) within 2 weeks of discharge and at 3 and 6 months. Repeated measures linear regression models were used to assess differences in KCCQ scores between patients assigned to telemonitoring and usual care over 6 months. The baseline characteristics of the 2 treatment arms were similar (mean age, 61 years; 43% female and 39% black). Over the 6-month follow-up period, there was a statistically significant, but clinically small, difference between the 2 groups in their KCCQ overall summary and subscale scores. The average KCCQ overall summary score for those receiving telemonitoring was 2.5 points (95% confidence interval, 0.38-4.67; P=0.02) higher than usual care, driven primarily by improvements in symptoms (3.5 points; 95% confidence interval, 1.18-5.82; P=0.003) and social function (3.1 points; 95% confidence interval, 0.30-6.00; P=0.03). Conclusions-Telemonitoring results in statistically significant, but clinically small, improvements in health status when compared with usual care. Given that the KCCQ was a secondary outcome, the benefits should be confirmed in future studies.
A lthough progress has been made in the management of heart failure (HF), a highly prevalent and costly condition, the risks of death and readmission after hospital discharge remain high. [1] [2] [3] Although prior studies have suggested that disease management programs may improve HF readmission outcomes, [4] [5] [6] the results of 2 large, randomized, multicenter trials have shown that supplementing care with telemonitoring does not reduce death and hospitalizations. 7, 8 An equally important goal in managing HF, however, is to improve patients' health status (eg, their symptoms, function, and quality of life). [9] [10] [11] Telemonitoring allows for more frequent assessment of clinical status with the opportunity to modify medical management (eg, increase diuretics). Thus, telemonitoring could potentially improve patients' health status, even without concurrent improvement in survival or readmission rates. Although prior studies have reported on telemonitoring's effects on health status, these studies were smaller, of variable methodologic quality, and described mixed results, creating uncertainty about the impact of telemonitoring on health status. 9 The Tele-HF study (Telemonitoring to Improve Heart Failure Outcomes) is the largest randomized trial, to date, to study outcomes in a large group of HF patients enrolled in a telemonitoring program. Although the trial found no benefit in terms of survival or hospital readmission, 7 the impact of telemonitoring on health status was a secondary end point and used the well-validated Kansas City Cardiomyopathy Questionnaire (KCCQ) to quantify the impact of telemonitoring on patients' health status. We report the health status outcomes from this randomized trial to describe the health status benefits of telemonitoring when compared with usual care. Impact of Telemonitoring on Health Status
Methods

Study Design
A full description of the study design has been previously published. 12 In brief, Tele-HF was a randomized controlled trial comparing the effectiveness of telemonitoring with usual care in reducing rehospitalizations and mortality among patients recently hospitalized for HF. Participants from 33 US cardiology practices who were hospitalized for HF were enrolled from 2006 to 2009. Subjects were excluded if they were younger than 18 years old, non-English or non-Spanish speakers, residents of a long-term care or correctional facility, severely cognitively impaired, or unable to stand for daily weights. In addition, patients not expected to survive beyond 6 months (for reasons other than HF), patients scheduled for a surgical/medical procedure, or other individuals unable to comply with the study protocol were excluded. Study coordinators at each individual site were responsible for identification and enrollment of subjects. Once enrolled, subjects were randomly assigned to the telemonitoring or usual care arm of the study using a random number-generated sequence, stratified by study site. The study protocol was approved by the Institutional Review Board at Yale University and the institutional review boards of each participating site. All study participants provided their informed consent before enrolling in the study. The lead author had full access to all the data in the study and hereby takes responsibility for its integrity and data analysis. The data, analytic methods, and study materials are available to others for purposes of reproducing the results or replicating the procedure, and they can be obtained through the National Institute of Health BioLINCC information coordinating center.
Intervention Protocols
Patients in both the telemonitoring and the usual care group were provided with HF educational materials and, if needed, a scale to measure body weight. Clinicians caring for patients in the usual care group were instructed to care for patients according to established national guidelines. 13 The Tel-Assurance (Pharos Innovations, Chicago, IL) monitoring system was used for patients enrolled in the telemonitoring arm of the study. Patients randomized into this group were instructed to call a toll-free number daily for 6 months, respond to a series of automated questions about their symptoms, and enter their daily weight. Responses were downloaded to a secure webpage where they were reviewed by a clinician at each site on all weekdays, excluding holidays. Responses meeting prespecified criteria triggered a variance within the system. Variances were flagged for immediate attention by clinicians at the individual site. After reviewing the variances, clinicians were instructed to contact the patient and verify the accuracy of the responses. Clinicians were then instructed to provide and document medical recommendations as they would for a routine office visit; medical management protocols were not provided to the participating institutions. Patients who did not call into the system on 2 consecutive days received an automated reminder call; continued nonparticipation was followed by a personal phone call to encourage system use.
Health Status and Clinical Assessment
After study enrollment, site coordinators conducted a brief interview and physical assessment on patients in both the usual care and telemonitoring arms of the study. In addition, baseline (within 2 weeks of enrollment), 3-month, and 6-month telephone interviews were conducted by personnel at the central coordinating site to minimize the burden of data collection at enrolling sites and to ensure consistent interviews across all centers ( Figure 1 ). Information collected during these phone interviews consisted of general health information, health status information, and information related to satisfaction with care. The outcome for this analysis was disease-specific health status, as assessed by the KCCQ. The KCCQ is a validated tool specifically designed to evaluate health status in individuals with HF.
14 This 23-item questionnaire assesses several domains of health status including physical limitations, symptoms, symptom stability, self-efficacy, social limitation, and quality of life. The physical limitations, symptoms, quality of life, and social limitations subscales can be combined to produce an overall summary score that was the primary outcome of interest for this analysis. The symptom stability score assesses recent changes in symptoms over the preceding 2 weeks and was not relevant for this longitudinal study. Each domain of the KCCQ is scored from 0 to 100, with higher scores indicating better health status (fewer symptoms, less social or physical limitations, and better
WHAT IS KNOWN
• Telemonitoring in heart failure allows for more frequent assessment of clinical status with the opportunity to modify medical management (eg, increase diuretics), thereby potentially improving patients' health status.
• Prior studies have reported on telemonitoring's impact on health status, but these were smaller, of variable methodologic quality, and described mixed results.
WHAT THE STUDY ADDS
• In this largest randomized trial to date of telemonitoring in heart failure, we found that patients assigned to receive telemonitoring experienced a statistically significant, but small, improvement in their diseasespecific health status when compared with patients in the usual care arm.
• At 6 months, for every 15 patients offered telemonitoring compared with usual care, one had fair-to-excellent health status (Kansas City Cardiomyopathy Questionnaire >50); for every 27 patients offered telemonitoring compared with usual care, one had good-to-excellent health status (Kansas City Cardiomyopathy Questionnaire >75). 14 A 5-point difference in the KCCQ overall summary score represents a clinically important difference between groups and within individual patients. 15 
Statistical Analysis
Baseline demographic and clinical characteristics of the 2 groups were compared using Student t test for continuous variables and χ 2 or Fisher exact test for categorical variables. Unadjusted KCCQ scores for the telemonitoring group were compared with the usual care group using Student t test. For the main outcome of interest, comparing KCCQ overall summary score between telemonitoring and usual care and, for the secondary comparisons of KCCQ subscale scores, hierarchical linear models were used. The models included fixed effects for treatment, time and treatment-by-time interaction, within-patient repeated measures over time using an unstructured covariance matrix, and a random effect for site. These hierarchical models adjust for the clustering of patients' outcomes within site. The baseline KCCQ score assessment, which was collected within 2 weeks of randomization, was considered a follow-up outcome for the purposes of the repeated measures model. A treatment group-bytime interaction was tested to assess whether KCCQ scores differed based on the study time point (baseline, 3 months, 6 months). This interaction was not significant for any domain of the KCCQ; therefore, only the main effect is reported. Patients with no KCCQ data for any of the 3 time points were excluded from analysis (n=132, 8.0%). To reduce possible biases related to missing data, the repeated measures models were weighted by the inverse of the probability of participating in follow-up so that patients who were most like those who did not participate in follow-up were given more weight than those who were more completely assessed during follow-up. 16 Variables used for inverse probability weighting included race, sex, age, insurance status, body mass index, presence of coronary artery disease, left ventricular ejection fraction <40%, study group, and mortality during the study period. Given that the a priori-defined main outcome of interest in this study was a comparison of KCCQ overall summary score between telemonitoring and usual care, a correction for multiple comparisons was not performed. To better describe the 6-month health status outcomes across randomized treatment strategies, a cumulative frequency plot was constructed by using the 6-month KCCQ overall summary score for each patient in whom this was available and calculating the percentage of patients in each study arm achieving a KCCQ score greater than or equal to varying thresholds of clinical significance. Dividing 100 by the difference in proportions of patients at any threshold of KCCQ score provides the number needed to treat for 1 patient assigned to telemonitoring to have a better health status than if they were treated with usual care. Statistical significance was assumed when a 2-sided P value was <0.05. All study analyses were performed with SAS 9.2 (SAS Institute, Cary, NC).
Results
Of the 1653 patients enrolled in the Tele-HF study, there were 132 patients (8.0%) with no KCCQ data for any of the 3 time points who were excluded from analysis, 70 (53.0%) of whom were in the telemonitoring group and 62 (47.0%) in the usual care group (P=0.46). A comparison of demographic and clinical characteristics for those with and without data for the KCCQ is provided in the Appendix in the Data Supplement.
Among the 1521 patients with available KCCQ data, 756 were randomized to receive telemonitoring and 765 randomized to receive usual care. There were no significant differences in the baseline demographic or clinical characteristics between the 2 groups ( Table 1 ). The median age of the study population was 61 years old, 39% were black, and 43% were female. Patients were similar with respect to their HF severity, with over half of patients categorized as New York Heart Association class III or IV at the time of randomization. Over two thirds of patients in each group had depressed ventricular function with a left ventricular ejection fraction of <40%, and approximately half had coexisting coronary artery disease. Mortality was similar in both groups, with roughly 1 in 11 patients being deceased at 180 days. †Forty-four patients with missing information for insurance status (17 TM, 27 UC).
‡Two patients with missing information for body mass index (1 TM, 1 UC). §Thirty-five patients with missing information for serum potassium (18 TM, 17 UC).
‖One hundred twenty-one patients with missing information for GFR (61 TM, 60 UC). Impact of Telemonitoring on Health Status KCCQ scores of those in the telemonitoring arm of the study were compared with those patients receiving usual care ( Table 2 ). The baseline KCCQ scores (obtained within 2 weeks of randomization) were similar for all domains of the KCCQ aside from the total symptom score which was slightly higher in the telemonitoring arm (64.2±26.7 versus 60.6±28.4; P=0.02). At 6 months, KCCQ overall summary scores were higher for those in the telemonitoring arm when compared with usual care (72.3±24.4 versus 68.5±26.4; P=0.01). Similarly, those in the telemonitoring arm had improved quality of life at 6 months (68.7±27.1 versus 65.2±29.4; P=0.04) and better symptom control (74.0±26.0 versus 69.6±28.9; P=0.007). In the unadjusted analysis, there were no significant differences between the 2 groups with regards to their physical limitations, social limitations, or self-efficacy at any of the follow-up time points.
Repeated measures analysis with inverse probability weighting 16 was used to compare KCCQ scores over the 6-month study period (Table 3) . Telemonitoring was associated with a statistically significant improvement in patients' health status, as assessed by the KCCQ overall summary score. Those enrolled in the telemonitoring program had an average overall summary score that was 2.5 (95% confidence interval, 0.38-4.67) points higher than those receiving usual care (P=0.02). Findings were similar for the total symptoms and social limitation subscales, with average scores being 3.5 (P=0.003) and 3.1 (P=0.03) points higher in the telemonitoring group. No significant differences were detected between the groups on the physical limitations, self-efficacy, or quality-of-life subscales. Figure 2 provides a cumulative response curve of 6-month KCCQ overall summary scores. For example, 78.5% of patients in the telemonitoring arm achieved a KCCQ score of ≥50 versus 71.6% in the usual care group (absolute difference=6.9%), indicating that for every 15 patients treated with telemonitoring, one more would be expected to have fair-toexcellent health status at 6 months when compared with usual care. Likewise, 54.5% of patients in the telemonitoring arm of the study achieved a 6-month KCCQ overall summary score of ≥75 versus 50.8% in the usual care group, indicating that for every 27 patients treated with telemonitoring, one more would be expected to have good-to-excellent health status at 6 months when compared with usual care.
Discussion
In this multicenter, randomized, controlled trial, we found that patients randomized to receive telemonitoring had a statistically significant, but small, improvement in their disease-specific 
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health status when compared with those who received usual care. KCCQ overall summary scores for patients enrolled in the telemonitoring arm of the study were, on average, 2.5 points higher over the first 6 months, when compared with usual care, and the number needed to treat for achieving clinically important thresholds of better health status ranged from 15 to 27 for patients experiencing better health status at 6 months, depending on the threshold selected. In contrast to the absence of a survival or rehospitalization benefit, these analyses demonstrate a small improvement in patients' health status, particularly their symptom control and social functioning. These results support the need for more definitive testing of the effect of noninvasive telemonitoring on health status as part of future studies.
This analysis, conducted within the largest randomized trial to date of telemonitoring in HF, adds important insight to a literature historically clouded with mixed findings in patient-related outcomes. [5] [6] [7] In the Telemedical Interventional Monitoring in Heart Failure randomized controlled trial of ambulatory patients with HF, participants were randomized to remote telemonitoring that included daily blood pressure and body weight recordings versus usual care. This intervention was associated with an improvement in general health status over a 2-year followup period, as assessed with the 36-Item Short Form Survey. 8 Similarly, a smaller randomized trial of ambulatory HF patients managed with a comprehensive, telephone-based disease management program showed improved disease-specific health status as measured by the KCCQ (mean change of 16.3 points in intervention group and 1.2 points in control group). 17 Health status improvements were also present in a recent meta-analysis of all prior structured telephone support and noninvasive telemonitoring programs for patients with HF, as well as reduction in HF hospitalizations. 18 It is notable that the efficacy of both interventions in improving disease-specific health status was limited by mixed-quality evidence. Of 43 studies included in this systematic review, 11 noninvasive telemonitoring studies reported on quality of life. Although using different health status measures, 9 (82%) of the structured telephone support studies and 5 (45%) of the noninvasive telemonitoring studies showed an improvement, whereas the others showed no difference. Only 2 telemonitoring studies used the KCCQ to measure health status outcomes. 19, 20 Of these, 1 small study found statistically significant results in favor of the intervention group, 19 whereas the other did not provide a complete report of KCCQ changes during the study period. 20 In our large randomized study, our findings were congruent, but more precise, than these prior reports.
Our findings require a balanced interpretation. Whereas previous work has suggested that a mean difference in the KCCQ overall summary score of 5 points is clinically important, 15 the mean difference in this study was smaller. Although other clinical trials with even smaller group differences concluded a health status benefit from interventions (eg, the mean benefit from exercise in Efficacy and Safety of Exercise Training in Patients with Chronic Heart Failure was 1.93), 21 we acknowledge that some may interpret the small differences observed in this study as not being sufficiently clinically important to justify the use of telemonitoring. Moreover, this is a secondary outcome of a randomized trial and so the effect should be replicated to provide more confidence in the findings.
To help facilitate the interpretation of our results, we compared the proportion of patients with KCCQ overall summary scores >50 (fair-to-excellent health status) and >75 (goodto-excellent health status) at 6 months. From these comparisons, we calculated a number needed to treat of 15 and 27, respectively. This suggests that for every 15 patients offered telemonitoring, one would have fair-to-excellent health status when compared with not offering any of these patients telemonitoring therapy, and that for every 27 patients offered telemonitoring, one would have good-to-excellent health status. Although some would perceive this as a good return for their investment, others might not.
The findings of this study should be interpreted in consideration of the following potential limitations. First, patients were not blinded to the intervention, and this may have biased their reports of their health status. Second, the KCCQ assesses health status over the preceding 2 weeks; health status information in our study was first collected within 2 weeks of study enrollment and randomization, and a true change from the time of randomization was not obtained. Given the similar initial KCCQ scores between groups, however, we do not believe that this timing altered the comparison of the treatment arms at 6 months and the improved health status took longer than 2 weeks to be achieved. Third, health status information was not available for all patients at all time points. However, the rates of missing KCCQ were similar for both treatment arms, and the use of inverse probability weighting for the likelihood of participating in follow-up assessments should minimize the generalizability of our findings across the entire population. Fourth, the small mean differences between groups may mask substantial benefits to a subgroup of patients, and further work to identify patient characteristics associated with greater benefits from telemonitoring is warranted. Fifth, as a National Institutes of Health-funded clinical trial with support for implementation and monitoring the intervention, the results in usual care may be different than that observed in this study. Finally, 1 out of 7 patients in the intervention arm never activated the system and overall adherence to telemonitoring declined-from 90.2% to 55.1% over the follow-up period. Although these proportions are greater than those described previously, [22] [23] [24] [25] our ability to make conclusive comparisons was limited by the absence of a uniform definition for telemonitoring adherence. Given that the patients participating in the trial formally agreed to participate, the true activation and attrition rates in routine clinical care may be even larger and the differences in health status smaller than observed in this study.
Conclusions
In a secondary analysis of a large, randomized controlled trial comparing telemonitoring with usual care for HF patients, telemonitoring using KCCQ was associated with statistically significant but small improvements in disease-specific health status over the first 6 months of treatment. In the absence of any benefits from telemonitoring on mortality or hospitalization rates, these data suggest that it may serve a role in improving patients' symptoms and function after a recent HF hospitalization and be worthy of further testing of the reproducibility of this finding.
